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R459Meristems: The Root of Stem Cell
Regulation
The stemcells fromwhich the plant body develops are located in shoot and root
meristems, and new research shows that the balance between proliferation
and differentiation in each is controlled by related proteins that interact in
a similar feedback network.
Liam Dolan
Plant bodies are made up of repeating
units that are produced throughout the
life of the plant from multiple
populations of stem cells surrounded
by rapidly dividing cells in meristems.
A network with feedback controls
the balance between proliferation and
differentiation in the shoot meristem
[1,2]. The proliferation of stem cells is
negatively controlled by the small
peptide CLV3 that accumulates in the
stem cells. Loss of CLV3 activity in
mutants results in the loss of this
negative regulation, resulting in
increased stem-cell proliferation
compared with wild-type plants.
CLV3 transcription is positively
regulated by the WUSCHEL (WUS)
protein, a homeobox transcription
factor that is expressed in cells
positioned just below the stem cells,
a region that is often called an
‘organiser’ because it controls the
proliferative activity of the overlying
stem cells. CLV3, in turn, negatively
regulates WUS transcription. In this
way, a negative feedback loop controls
the balance between proliferation and
differentiation of stem cells in the
shoot meristem.
In the root, the cells of the quiescent
centre — a group of approximately four
cells that are mitotically quiescent and
signal to surrounding cells, maintaining
them in a stem-cell state — also act as
an organising centre. Laser ablation
experiments showed that the quiescent
centre signals to the surrounding
cells, maintaining them in a stem-cell
state and inhibiting their differentiation
[3]. Furthermore, a CLV3-like protein
called CLE40 negatively regulates
stem-cell function in the root, while
a WUS-related protein called WOX5
positively regulates stem-cell
development [4].
Despite these parallels, the precise
nature of the interaction between
CLE40 and WOX5 was unclear. Now,
Stahl et al. [5], in this issue of
Current Biology, show that WOX5
positively regulates the production
of CLE40 protein. CLE40, in turn,
negatively regulates WOX5
transcription. This means that CLE40
and WOX5 form a self-regulating
network in the root that, much like the
CLV3–WUS network in the shoot,
controls the proliferation and
differentiation of stem cells.
Stahl and co-workers [5] show that
loss of WOX5 activity results in
a phenotype that is similar to that of
plants with excess levels of CLE40 —
more stem cells differentiate as root
cap and, consequently, there are fewer
stem cells than in wild-type plants. In
contrast, the increase in the number
of stem cells and a reduction in the
number of differentiated root cap
cells in plants that overexpress
WOX5 is similar to the phenotype of
plants that are homozygous for cle40
loss-of-function alleles. These
phenotypes indicate that CLE40 and
WOX5 play opposite roles in the
differentiation of stem cells in the
distal root meristem.
The opposite roles played by CLE40
and WOX5 suggest that they might
regulate each other, as previously
demonstrated for the paralogous
proteins in the shoot meristem. Indeed,CURBIO 7242_7260
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extension of the WOX5 expression
domain distally, into the root cap, while
gain of CLE40 function resulted in
reduced expression in a more proximal
region. These data indicate that CLE40
negatively regulates WOX5 expression
during wild-type development.
Since CLE40 is an extracellular
peptide, it is likely that its activity
requires interaction with a receptor.
Stahl et al. [5] demonstrate that
CLE40-mediated regulation of WOX5
requires the activity of the ACR4
receptor and ACR4 transcription is
positively regulated by CLE40. This
means that CLE40 negatively
regulates WOX5 transcription via an
ACR4-sensing mechanism and this
mechanism is activated by CLE40
itself. Interestingly, CLV2, a receptor
that is required to perceive the CLV3
peptide in the shoot, is not involved in
this signalling mechanism. Given that
CLV2 was previously shown to be
functional in the root, specifically
to promote proximal meristem
maintenance, the results reported by
Stahl et al. [5] suggest that different
extracellular peptide signals control
the balance between stem-cell
proliferation and differentiation in
the proximal and distal parts of
the meristem [6].
While similar peptide signals and
homeobox proteins are active in the
root and shoot, there are clear
differences in these regulatory
networks. For example, CLV3 isCircadian Rhythms
Nuclei
Uncoupling the oscillators in the dorsal
suprachiasmatic nucleus reveals which
rhythm of rapid eye movement sleep.
William J. Schwartz
The circadian clock in the
suprachiasmatic nucleus (SCN) of the
hypothalamus governs a wide array of
mammalian rhythms, from biosynthetic
to behavioral, entraining them to the
ambient light–dark (LD) cycle. The
synchronization, sequencing, and/or
segregation of these rhythms, as also
shaped by non-circadian factors,expressed in the stem cells of the
shoot and negatively regulates WUS
expression in the organiser. In
contrast, CLE40 is expressed in the
differentiating columella cells and
represses WOX5 expression in the
quiescent centre organiser. This
suggests that there are differences
in the mechanisms of stem-cell
regulation in the two systems.
The fossil record suggests that roots
may have evolved from shoots in
euphyllophytes (ferns, horsetails and
seed plants) sometime during the
Devonian Period (approximately
409–454 million years ago) [7,8]. The
discovery reported by Stahl et al. [5]
indicates not only that closely related
proteins control the balance between
stem-cell proliferation in the shoot
and root apical meristems but also
that similar regulatory interactions
occur in both.
This suggests that there may have
been a WUS–CLV3 module that
controlled shoot development in
ancestral land plants that lacked
roots. Then, sometime during the
Devonian Period, or even a little
earlier, these genes were duplicated
and one pair (WUS–CLV3) continued to
control shoot stem-cell development,
while the other pair (WOX5–CLE40)
diversified and went on to control
the development of a novel
structure — the root.
The results of Stahl and co-workers
[5] show that these two networks are
still regulated in a similar way despite: A Tale of Two
and ventral subdivisions of the rat
one of them regulates the circadian
creates a temporal program that
adapts to the time of day, changing
seasons, and local environment. It may
seem a small orismological point —
considering all that remains unknown
about this internal timekeeping
system — but there has been some
ambiguity as to whether the master
circadian pacemaker in mammals
should be named the suprachiasmatic
nucleus or the suprachiasmatic nuclei.
CURBIO 7242_7260the almost 400 million years since they
diverged from a common ancestor.
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DOI: 10.1016/j.cub.2009.04.030Actually, it was ten years ago that
Dr. Gary Pickard called attention to
this problem of nomenclature [1], given
the SCN’s existence as a paired
hypothalamic structure straddling the
midline. He preferred nucleus over
nuclei; after all, every nucleus in the
central nervous system is bilaterally
represented, and the left and right
halves of the SCN function together
as a unitary clock (with one exception
that is probably confined to the
laboratory setting [2]).
However, now it may be time
to switch to nuclei: but top and
bottom nuclei, not left and right
ones. Since 1980, morphological
studies using Nissl stains, Golgi
impregnations, electron microscopy,
in situ hybridization, and
